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Abstract 
 
This study presents a detailed investigation into the gas phase thermal decomposition of 
tetrabromobisphenol A (TBBA); i.e., the most widely used brominated flame retardant 
(BFR).  Elimination of one of the methyl groups characterises the sole dominant channel in 
the self-decomposition of the TBBA molecule at all temperatures.  A high-pressure rate 
constant for this reaction is fitted to 10 1.93 -1( ) 2.09 10 exp( 37 000/ ) sk T T T= × − .  The high A 
factor and low activation enthalpy for this reaction arise from the formation of a delocalised 
radical upon the loss of a methyl group.  We calculate rate constants for the bimolecular 
reactions of TBBA with H, Br and CH3 radicals.  Kinetic and mechanistic data provided 
herein should be instrumental to gain further understanding of the fate of TBBA during 
thermal degradation of materials laden with this BFR.  
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1. Introduction 
 
Owing to their significant potentials to reduce flammability tendency of polymeric materials, 
brominated flame retardants (BFRs) have been widely deployed during the last few decades 
in numerous consumers products.1  Tetrabromobisphenol A (TBBA) currently constitutes 
nearly 60 % of the world’s total production and usage of BFRs.  TBBA is also deployed as a 
reactant for the formation of other commercial BFRs.  Bromine radicals formed during the 
degradation of TBBA delay ignition of overheated electronic and electrical devices.2  As 
thermal treatment represents a mainstream strategy for disposal of materials laden with 
TBBA, the pyrolytic decomposition of TBBA has attracted mounting scientific attention.3   
 
Several experimental studies have been carried out to address the decomposition of either 
pure TBBA or TBBA immersed in polymeric matrices, under pyrolytic or oxidative 
conditions; typically in the range of 300 oC to 600 oC .4-11  Major products from the pyrolysis 
of TBBA include HBr, brominated phenols and benzenes, in addition to char and a wide 
range of brominated aromatics.  Almost half of the initial bromine in the parent TBBA was 
found to transform into HBr.9  The main environmental burden of using TBBA stems from 
the fact that, its decomposition products, such as brominated phenols, serve as building 
blocks for the formation of polybrominated dibenzo-p-dioxins and polybrominated 
dibenzofurans (PBDD/Fs).  Recent experimental studies on the pyrolysis of polymers 
containing TBBA have reported the formation of several congeners of PBDD/Fs.8,12-14  
 
Suggested mechanisms for decomposition of TBBA involve loss of HBr, successive C-Br 
bond fission, cleavage of the isopropylidene linkage, cross-linking condensation reaction and 
bimolecular reactions involving radicals and TBBA.9  Several kinetic models were 
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constructed to account for the overall decay of TBBA and the formation of the 
experimentally observed products.15  It was proposed that, debromination and scission 
reactions, yielding brominated phenols, dominate the overall decomposition of TBBA.  
Marongiu et al.9 validated their semi-detailed kinetic model against several sets of 
experimental data.  More recently, Font et al.6 simplified the model of Marongiu et al.9 and 
presented an abridged kinetic mechanism taking into account the nature of TBBA as a 
backbone BFR (as BFRs form part of the polymeric material itself).  Thermochemical and 
kinetic data of this model were frequently carried over from those of analogous species and 
corresponding reactions.  For instance, Marongiu et al.9 derived rate constants for the 
prominent reactions in their comprehensive kinetic model from the analogous gas phase 
reactions.   
 
While the decomposition of TBBA mainly occurs in the condensed phase, gas phase 
reactions contribute significantly to the overall decomposition of TBBA.  Guided by their 
results on the volatility of TBBA, Marsanich et al.16 explained that, exposing TBBA to a 
temperature higher than its melting point (~450 K) results readily in the evaporation of 
TBBA.  Barontini et al.15 showed that, the evaporation of TBBA contributed significantly to 
the total weight loss of TBBA, at temperatures as low as 480 K.  Available kinetic models 
were primarily formulated to describe decomposition in the condensed phase.  Thus, they are 
not extendable to account for the decomposition chemistry of TBBA in the gas phase.  A 
kinetic gas-phase model of the pyrolysis of TBBA differs fundamentally from a 
corresponding condensed-phase model.  For example, bimolecular isomerisation reactions 
(prevailing reactions in condensed phase) are of negligible importance when compared with 
the unimolecularly-derived pathways in the gas phase.  Furthermore, understanding the gas 
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phase decomposition of TBBA will shed more light onto the complex kinetic phenomena 
occurring in the condensed medium.  
 
To this end, this study presents a detailed theoretical account of mechanisms governing the 
gas phase decomposition of TBBA.  The objective is to analyse, on a precise molecular basis, 
all pathways operating during the self-decomposition of TBBA and its bimolecular reactions 
with prominent radicals in the pyrolytic medium.  This study follows our earlier 
investigations on decomposition of prominnet BFRs17 and represents another contribution to 
gain further understanding into environmental impact of application of BFRs for improved 
fire safety of polymeric materials.  
 
 
2. Computational Details 
 
We have deployed Gaussian 09 18 program to perform all structural optimisations at the 
M062X/6-311+G(d,p) level of theory.  M062X 19 constitutes a new hybrid meta exchange 
correlation functional.  It has been parameterised against large databases of experimental and 
highly accurate, theoretically-derived values, to yield very accurate thermochemical and 
kinetic properties.  As energies from M05-M06 DFT functionals are generally sensitive to the 
deployed quadrature grid, we have used an integration grid that spans 99 and 590 radial and 
angular points, correspondingly.  We have shown recently17 that, deploying a higher grid 
density (120 radial and 590 angular points) changes the calculated reaction energies by only 
0.02 – 0.05 kcal/mol.  In order to increase the accuracy of our calculated reaction and 
activation enthalpies, single point energy calculations were carried out at the extended basis 
set of GTLarge.20  Applying a bigger basis set has changed final energies only marginally, 
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within 1.0 kcal/mol, in reference to the corresponding results obtained with the 6-311+G(d,p) 
basis set.  Intrinsic reaction coordinates (IRC) confirm the nature of each transition structure 
by connecting it to its corresponding reactants and products.   
 
Supplementary Information comprises Cartesian coordinates, energies and vibrational 
frequencies for all structures.  We obtained the reaction rate constants in the high-pressure 
limit by applying the conventional transition state theory.  Transmission factors based on 
Wigner’s formula21 provided corrections to the reaction rate constants owing to the tunnelling 
effects.  The plausible degenerate numbers of reactions sites and the C2 symmetry of the 
TBBA were accounted for in the calculated reaction constants.  In the computations, weak 
structural buckling motions were treated as harmonic oscillators, because their effects cancel 
out due to their existence both in the reactants and the transition states.  These buklings 
correspond to small values of vibrational frequencies (< 10 cm-1), involving mainly the C-
(CH3)2-C bridge.  A pressure-dependent reaction rate constant was calculated for one 
reaction using the RRKM theory.22  We adopted the Lennard-Jones parameters for the TBBA 
molecule from analogous values of the diphenyl ether molecule.  Kinetic calculations were 
carried out with the aid of the ChemRate code.23  Based on the adapted methodology, we 
anticipate maximum uncertainty limits in the calculated activation energy (Ea) be within ±1- 
3.0 kcal/mol, i.e., the accuracy margin of the adapted methodology19. 
 
 
3. Results and Discussion 
 
3.1 Structure and thermochemistry of TBBA 
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Figure 1 depicts the optimised structures of the TBBA molecule.  Depending on the 
orientation of the OH group in the TBBA molecule, the molecule exhibits several 
conformers.  Figure 1 portrays two of these conformers.  The C-Br bond lengths in both 
conformers seem to be slightly affected by the orientation of OH group and differ by ~0.083 
Å.  Nevertheless, the energy gap between the two conformers is calculated to be 0.06 
kcal/mol; the quantity which most likely falls within the accuracy margin of the adapted 
theoretical methodology.  Our calculated geometries at the M062X/6-311+G(d,p) level of 
theory agree very well with the corresponding experimental measurements24 and recent 
theoretical predictions at the B3LYP/6-31G(d) level of theory.25  For instance, the computed 
C-CH3 and C-Br bond lengths amount to 1.533 Å and 1.903/1.896 Å; i.e., they remain in 
excellent agreement with the corresponding experimental values of 1.533 Å and 1.877 Å, 
respectively.  Overall, TBBA displays, to a great extent, geometrical features similar to those 
of bromophenols. 
 
To the best of our knowledge, the literature reports no standard enthalpy of formation of 
gaseous TBBA.  For this reason, we calculate 298
o
f H∆  of the TBBA molecule using the 
following isodesmic reactions: 
 
 
CH3
CH3
OHHO
Br
Br
Br
Br
TBBA
+
+
H3C
H3C
H3C
CH3 + 2
C CH3H3C
H3C
+
OH
Br
Br
2 2
IR1
C CH3H3C
H3C
+
OH
Br
Br
2
IR2
C2H4+
CH3
C2H6+
9 
 
These reactions rely on the accurate experimental values of 298
o
f H∆  for reference species, 
26 
yielding 298
o
f H∆  of -38.5 kcal/mol and -39.3 kcal/mol for isodesmic reactions IR1 and IR2, 
respectively.  It follows that, an average value of 298
o
f H∆  for the TBBA molecule can be 
assigned a value of -38.9 kcal/mol with an uncertainty of ± 0.6 kcal/mol; i.e., one standard 
deviation associated with the two calculated 298
o
f H∆  values of IR1 and IR2 reactions.  We 
recommend using this value in kinetic modelling until an experimental determination 
becomes available.  Finally, we remark that the experimental 298
o
f H∆  exists only for the 2,4-
dibromophenol, forcing us to perform the calculations based on this congener.  Nonetheless, 
we expect close results for 2,6-dibromophenol, should its 298
o
f H∆  be available.” 
 
 
3.2 Initial decomposition of TBBA 
 
Figure 2 illustrates the detailed potential energy surface (PES) for the initial decomposition of 
the TBBA molecule with Figure 3 depicting corresponding relative energies in reference to 
the parent TBBA molecule. The decomposition of TBBA branches into seven initial exit 
channels.  Fission of one of the C-CH3 requires the lowest energy change of reaction among 
all initial channels.  This barrierless reaction is associated with an endoergicity of 70.4 
kcal/mol and produces the double resonantly stabilised benzilic-type radical of M1.  Cleavage 
of the isopropylidene linkage in TBBA and the subsequent formation of the two radicals, M3 
and M4, incur an endoergicity of 86.6 kcal/mol.  Fission of the O-H bond and generation of 
the phenoxy-type radical of M5 moiety necessitates a considerable energy of 88.6 kcal/mol.  
This value concurs with that reported literature of 87.2 kcal/mol, for the bond dissociation 
enthalpy (BDE) of O-H in 2-bromophenol kcal/mol.27  Rupture of the aromatic C-Br bond 
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requires an endoergicity of 82.8 kcal/mol.  Considering the experimental BDE of C-Br in 
bromobenzene of 83.5 kcal/mol,27 we deduced that, the presence of the neighbouring 
hydroxyl group induces no effect on the strength of the C-Br bond in the TBBA molecule.  
Our calculated BDE for H2C-H, leading to the formation of the M2 moiety (98.9 kcal/mol), 
accords with the corresponding BDE in neopentane of 99.4 kcal/mol – 100.3 kcal/mol.27  The 
agreement between our calculated BDE estimates and the analogous literature values 
confirms the accuracy of the M062X theoretical approach in deriving thermochemistry 
pertinent to the self-decomposition of the TBBA molecule.   
 
In addition to the five barrierless bond fissions, intramolecular hydrogen transfers via the 
transition structures TS1 and TS2 open two plausible exit channels.  Hydrogen migration 
from the hydroxyl group to ortho carbon atoms releases a bromine atom and results in the 
formation of the phenoxy-type radical of M9.  The transition state of this reaction (TS1) 
resides 79.1 kcal/mol above the initial reactant.  This barrier is significantly lower than the 
activation energy required for the corresponding phenolic H transfer (91.4 kcal/mol) into an 
ortho-C(Cl) site in the 2-chlorophenol molecule.28  This noticeable difference could be 
rationalised in view of a weaker aromatic C-Br bond in comparison to the aromatic C-Cl 
bond; i.e., 83.3 kcal/mol versus 95.5 kcal/mol.  The release of bromine atoms through this 
reaction is accompanied by an endoergicity of 58.8 kcal/mol.  In the other intramolecular 
hydrogen transfer reaction, a 2,6-dibromophenol (M7) and 2,6-dibromo-4-(prop-1-en-2-
yl)phenol (M8) molecules form upon hydrogen migration from one of the methyl groups to 
the para carbon on the aromatic ring.  But, the exceedingly high activation energy (103.3 
kcal/mol) makes this reaction unlikely to proceed in practical systems.   
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As the formation of the M1 moiety is associated with the lowest energetic requirements in the 
initial decomposition of the TBBA molecule, we address its self-decomposition further.  
There are two competing exit channels for the M1 radical: direct β C-H bond fission in the 
methyl group and intermolecular H transfer.  Direct fission of one of the β C-H bonds in the 
methyl group requires an activation energy of 46.6 kcal/mol (TS6), slightly higher than the 
calculated reaction energy (45.1 kcal/mol) of this process.  This channel produces 4,4'-
(ethene-1,1-diyl)bis(2,6-dibromophenol) moiety (M12).  Alternatively, the M10 radical arises 
by a hydrogen atom shift from the methyl group onto the radical site of the bridge carbon, 
through a sizable activation energy of 47.3 kcal/mol (TS3).  M10 branches into two 
pathways.  Direct β C-C bond fission via TS7 (34.1 kcal/mol) requires lower activation 
energy than the intermolecular hydrogen transfer through TS4 (41.4 kcal/mol).  The former 
channel produces the dibromophenol phenyl-type radical (M3) and the 2,6-dibromo-4-
vinylphenol molecule (M13).  A second hydrogen migration step from the H(C)CH2 bridge 
in M10, and subsequent splitting of the C-C bridge, affords the 2,6-dibromophenol molecule 
(M7) and the M11 radical.  An analogous β C-C bond fission in the M2 intermediate leads to 
the 2,6-dibromophenol phenyl-type radical (M3) and the M8 molecule via a modest energy 
barrier of 33.6 kcal/mol. 
 
Based on reaction and activation energies given in Figure 2, we envisage that, two channels 
most likely dominate the initial decomposition of the TBBA molecule; namely, barrierless 
fission of the methyl group and the intramolecular phenolic hydrogen transfer via TS1.  In 
order to assess their relative importance, we calculate the reactions rate constants in the high 
pressure limit for these two channels and fit them to modified Arrhenius expressions in the 
temperature range of 400 K – 1500 K.  Deriving a rate constant for the barrierless reaction 
(TBBA → M1 + CH3) necessitates treatment within the framework of the variational 
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transition state theory (VTST).  The VTST minimises the calculated reaction constant as a 
function in temperatures and reaction coordinates.29  Implementation procedure of VTST is 
described in detail elsewhere.  To deploy the VTST on the (TBBA → M1 + CH3) requires 
constructing a minimum-energy-point (MEPs) curve along the stretching of the C-CH3 bond.  
As DFT functionals are single-reference character methods, they suffer from fundamental 
shortcoming in describing singlet-triplet crossing involved in the C-CH3 bond breakage.  
However, implementation of a multireference-character method such as CASSAF or 
CASPT2 on a system as large as the TBBA molecule is prohibitively expensive 
computationally.30  Furthermore, the TBBA molecule contains a very large number of 
electron configurations which in turn makes it a daunting task to select appropriate active 
spaces and electrons.  Alternatively, the pioneering work of Yamagushi’s group31,32, over the 
last two decades, has demonstrated that energies of biradical systems calculated by any 
single-determinant method can be significantly improved via the application of a simple 
approximated spin-projection scheme (AP).  In this scheme, an approximated spin-projected 
energy (EAP) can be derived from energies of broken-symmetry ( BSE ) and pure high-spin (
HSE ) states as:  
 
AP AP BS HS( 1)E f E f E= − −  
 
where APf  denotes the spin-projection factor 
 
2 HS
AP
2 HS 2 BS
( 1)S s sf
S S
〈 〉 − +
=
〈 〉 − 〈 〉
 
 
with 2 HSS〈 〉 and 2 BSS〈 〉 signifying expectation values of spin contamination pertinent to pure 
high-spin and broken-symmetry states, respectively.  It was found that, the application of the 
AP approach to various biradical systems yielded DFT-derived energies within 1.0 – 3.0 
kcal/mol of corresponding values obtained with the more expensive multireference methods.  
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Figure 4 portrays our MEPs curve for the C-CH3 bond fission based on the AP formalism. 
Candidates of transition structures for the barrierless fission of the C-CH3 are located at 
C····CH3 separations of 2.7 Å – 2.8 Å.  In these structures, rotation around the C-CH3 bond 
in the parent TBBA molecule transforms into stretching vibration along the C-CH3 fission 
reaction coordinate.  
The conventional transition state theory (TST) allows calculation of the reaction rate constant 
for the reaction (TBBA → M9 + Br).  Table 1 documents the fitted rate constant parameters.  
Clearly, fission of the C-CH3 bond constitutes the sole important channel in the gas phase 
initial decomposition of the TBBA molecule at all temperatures.  Our finding here differs 
somewhat from the behaviour of the self-decomposition of 2-chlorophenol system, 28 in 
which the transfer of phenolic H holds more importance than all other available channels.  
The significance of the C-CH3 bond cleavage as the most favoured initiator pathway was also 
highlighted by Marongiu et al.9  
 
In order to provide a benchmark for the accuracy of our calculated rate constant for the 
fission of the C-CH3 bond, Figure 5 compares our computed rate constant with the 
experimental values of the analogous decomposition reaction, C6H5-C(CH3)2-C6H5 → 
C6H5-C(CH3)-C6H5 + CH3, determined experimentally by Robaugh et al.,33 
k(T(K))=5.01×1015exp(-33 000/T) s-1, and the derived expression by Marongiu et al.9, 
k(T(K))=3.0×1013exp(-25 300/T) s-1.  The three sets of data show reasonable agreement at 
elevated temperature (T > 1000 K).  While, our fitted activation energy (Ea) overshoots 
slightly the value of Robaugh et al.,33 74.0 kcal/mol versus 66.0 kcal/mol, our A factor falls 
within one order of magnitude with respect to the measurements of Reference 28 for CH3 
loss from the 2,2’-diphenylpropane molecule.  A plausible explanation for the noticeable 
deviation, between our calculated and corresponding literature values in Figure 5, can be 
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attributed to the fact that the latter were adapted from analogous systems; i.e., they were not 
measured specifically for the TBBA system.   
 
Sivaramakrishnan et al.34 have recently reported a significantly lower A factor of 
12 -18.66 10 s×  for the corresponding CH3 release from neopentane at temperatures of 1260 
K – 1462 K and pressures of 0.2 atm – 1.0 atm.  In order to compare our calculated rate 
constant for fission of the C-CH3 bond under similar conditions, we have utilised the RRKM 
theory to derive the rate constants at a pressure of 0.75 atm and a temperature range of 400 K 
– 1500 K.  We fitted the title reaction to a rate expression of k(T,0.75 atm) = 1.45×1015exp(-
36 400/T) s-1).  A higher A factor in the case of the TBBA molecule, in reference to that of 
neopentane, could be rationalised by the conjugated π-electron networks in the delocalised 
radical of M1, which in turn acts to assist C-CH3 bond fission in reference to the localised 
radical C(CH3)3 (neopentane).  Figure S1 in the Supporting Information reports ratios of k(T, 
High-P)/k(T, 1 atm).  It is evident from Figure S1 that, the C-CH3 bond fission exhibits 
strong pressure-dependent behaviour, especially at high temperatures.  It is worthwhile 
mentioning that, the seven pathways explored in Figure 2 exhibit less energy demanding 
requirements than that of the fission of the aromatic C-H bond (BDH = 111.0 kcal/mol). 
 
Calculated reaction rate constants for the two competing exit channels of M1 indicate a 
fraction of around 0.87 for the direct β C-H bond fission, in the considered temperature range 
of 400 K – 1500 K.  The relative importance of intermolecular hydrogen transfer forming 
M10 moiety remains virtually constant at 0.12 – 0.13.  The entire PES presented in Figure 2 
and calculated reaction rate constants conclude that, the unimolecular decomposition 
preferentially generates the M14 (4,4'-(ethene-1,1-diyl)bis(2,6-dibromophenol) intermediate 
with small (but not negligible) product flux into M13 and M3.  
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The formation of the three major products (M12, M3 and M13) accompanies the generation 
of two important radicals, H and CH3.  Furthermore, TBBA forms miscible formulations with 
the treated polymeric materials.  The latter serve as potent sources for hydrogen atoms.  As 
explained by Marongiu et al.,9 Br atoms arise through a series of complex heterogeneous 
reactions in the condensed phase during the thermal degradation of the TBBA molecule.  It 
follows that, the reactions of the TBBA molecule with H, Br and CH3 radicals exhibit crucial 
importance in practical pyrolysis processes.  In the next sections, we present mechanisms and 
kinetic parameters for these reactions.  
3.3 Reactions of TBBA with hydrogen atoms 
 
Figure 6 illustrates eight distinct channels reactions of H atoms with the TBBA molecule.  
Addition at an aromatic C(H) site requires the lowest energy of activation of 4.6 kcal/mol via 
the transition structure TS_H7.  Formed M15 moiety lies in a deep energy well of -23.0 
kcal/mol, in reference to the separated reactants.  Additions at C(OH), ipso-isopropylidene 
and C(Br) sites incur very similar activation energies in the range of 8.0 to kcal/mol 8.2 
kcal/mol, with the addition at the C(Br) involving the simultaneous Br departure via the 
transition structure TS_H4.  Abstraction of phenolic and methyl H atoms demands virtually 
the same activation energy; that is, 11.9 kcal/mol and 12.0 kcal/mol, respectively.  
Abstraction of bromine atoms proceeds with a reaction energy of 8.7 kcal/mol (TS_H6).  
Abstraction of a methyl group via TS_H8 involves the highest activation energy (30.6 
kcal/mol) among the initial TBBA + H channels.  
 
Table 1 documents the fitted rate parameters for the seven plausible TBBA + H reactions.  
Based on these parameters,  Figure 7 portrays the branching ratios for all channels.  The 
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addition at a C(H) site and Br abstraction constitute the two most important channels.  Lower 
activation energy for the H-addition channel (M15) and higher entropy of activation for the 
Br-abstraction channel (M6 + HBr) lead to channel switching, observed as a function of 
temperature.  The rate of hydrogen addition at the C(H) site exceeds the rate of bromine 
abstraction up to a temperature of 1300 K.  The dominance of the Br-abstraction channel in 
the TBBA + H system contributes to the high yield of HBr detected from the pyrolysis of 
TBBA.   
 
Three exit channels are available for the M15 intermediate: 1,2-hydrogen shift reaction 
forming the M16 moiety, direct cleavage of the C-C bond and elimination of a CH4 
molecule.  Activation energies for these three channels are calculated as 48.4 kcal/mol 
(TS_H9), 36.8 kcal/mol (TS_H11) and 53.1 kcal/mol (TS_H12), respectively.  Examination 
of reaction rate constants in Table 1 reveals that, the exclusion of a methane molecule is 
significantly more important than the intramolecular migration of hydrogen and the direct C-
C bond cleavage.  
 
 
3.4 Reactions of TBBA with bromine atoms 
 
Figure 8 shows a schematic of plausible reactions of the TBBA molecule with a Br atom.  
These reactions were also suggested by Barontini et al.,15 in their mechanistic analysis of the 
TBBA pyrolysis.  Scission of the isopropylidene linkage via bromine addition at an ipso site 
produces 2,4,6-tribromophenol molecule and the M4 radical.  This reaction occurs through an 
energy barrier of 14.3 kcal/mol (TS_Br2).  Hydrogen abstraction from the methyl moiety, 
hydroxyl group and the aromatic ring requires activation energies of 11.8 kcal/mol, 7.1 
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kcal/mol and 23.1 kcal/mol, respectively.  The ordering of these barriers is in line with the 
corresponding bond dissociation energies of C-H and O-H.  The kinetic parameters listed in 
Table 1 reveal the competitive nature of the H abstraction from methylic and hydroxyl groups 
at temperatures higher than 800 K, and less importance of the fission of the isopropylidene 
bridge at all temperatures.  Our finding here differs from the interpretation of Barontini et 
al.15 with regard to the potential formation of brominated phenols via Br-induced addition at 
the edge of the isopropylidene linkage.  Despite of our best attempts, we were unable to 
locate transition structures for addition of Br atom to aromatic rings in the TBBA molecule.  
In fact, halogens react with aromatic compounds mainly via H-abstraction channels, even at 
low temperatures.35,36  
 
 
3.5 Reactions of TBBA with the methyl group 
 
As shown in Figure 9, reactions of the TBBA molecule with a methyl radical branch into six 
pathways.  Abstraction of a hydroxyl H characterises the most favourable pathway with a 
trivial activation energy of 8.9 kcal/mol and an exothermicity of 15.0 kcal/mol.  Calculated 
reaction rate parameters for the six TBBA + CH3 channels in Table 1 confirm the dominance 
of this pathway at all temperatures.  Abstraction of methyl H atoms and additions to the 
aromatic ring are predicted to be of negligible importance at all temperatures.   
 
The intermediate M5 represents a main product from bimolecular reactions of TBBA with Br 
and CH3 radicals. The apparent fate of the phenoxy-type radical of M5 is to undergo a ring 
contraction/CO elimination mechanism to yield a five-membered-ring structure in analogy to 
the well-established mechanism involving phenoxy radicals.37  Detection of small amounts of 
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CO/CO2 during the pyrolysis of TBBA supports the occurrence of the ring contraction/CO 
elimination mechanism.  
 
Additionally, the fate of the M5 moiety is controlled by two competing reactions: 
 
 
 
 
Hydrogen transfer from the methyl group and subsequent fission of the C-C bridge via TS8 
requires an activation energy of 59.8 kcal/mol. Alternatively, direct β C-C bond fission 
occurs through TS9.  Activation energy associated with TS9 amounts to 53.2 kcal/mol.  
Products from TS8 and TS9 reside 26.6 kcal/mol and 50.1 kcal/mol above M5, respectively.  
Barriers of these two reactions are close to the overall barrier of the competitive 
contraction/CO elimination mechanism (58.0 – 62.0 kcal/mol).  As evident from the 
calculated reaction rate constants in Table 1, direct scission of the C-C linkage through TS9 
outpace the intramolecular hydrogen migration by several orders of magnitude, at all 
considered temperatures. 
4. Conclusions 
 
We have developed a new mechanism for the initiation reaction of the pyrolysis of 
tetrabromobisphenol A.  We have derived thermochemical as well as mechanistic and kinetic 
parameters related to the self-decomposition of TBBA and its bimolecular reactions with H, 
Br and CH3 radicals.  A loss of a methyl group, followed by the β C-H bond cleavage, marks 
the most preferred pathway in the unimolecular decomposition of TBBA.  The previously 
proposed fission of the isopropylidene linkage appears of negligible importance at all 
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temperatures.  Abstraction of hydroxyl H atoms constitutes the most important channel in the 
bimolecular reactions of TBBA with Br and CH3 radicals.  Reactions of H and Br with 
TBBA provide an important source for the formation of HBr, a major product observed in 
experimental studies.  
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Table 1: Fitted modified Arrhenius parameters (in temperature range 400 K – 1500 K) at the 
high-pressure limit. These parameters follow a modified Arrhenius rate expression; 
( (K)) exp( / )n ak T AT E RT= − . 
Reaction A (s-1 or cm3 molecule-1 s-1) n Ea/R (K) 
TBBA → M1 + CH3 2.09 × 1010 1.93 37 000 
TBBA → M9 + Br 3.16 × 1012 0.44 40 000 
M1 → M10  1.62 × 1011 0.66 23 900 
M1→ M12 + H 1.91 × 1010 1.18 23 500 
M10 → M3 + M15 1.68 × 1011 0.27 17 500 
M10 → M11 + M7 2.04 × 1010 0.72 20 800 
TBBA + H → M5 + H2 2.89 × 10-10 0.00 6 700 
TBBA + H → M2 + H2 2.52 × 10-9 0.00 6 900 
TBBA + H → M17 + HBr 3.17 × 10-10 0.00 5 200 
TBBA + H → M1 + CH4 7.96 × 10-10 0.00 16 600 
TBBA + H → M6 + HBr 2.52 × 10-9 0.00 5 300 
TBBA + H→ M14 1.05 × 10-10 0.00 4 700 
TBBA + H → M15 4.80 × 10-10 0.00 3 100 
TBBA + H→ M16 5.77 × 10-11 0.00 4 600 
M15→ M1 + CH4 4.90 × 1013 0.00 18 800 
M15→ M3 + M24 1.58 × 1015 0.36 27 200 
M15→ M16 2.24 × 1013 0.00 24 800 
TBBA + Br → M5 + HBr 3.03 × 10-10 0.00 3 200 
TBBA + Br → M2 + HBr 1.55 × 10-9 0.00 7 200 
TBBA + CH3 → M2 + CH4 8.12 × 10-12 0.00 8 600 
TBBA + CH3 → M5 + CH4 2.51 × 10-12 0.00 6 300 
TBBA + CH3 → M6 + CH3Br 3.01 × 10-11 0.00 10 200 
24 
 
 
 
 
 
 
 
 
  
TBBA + CH3 → M19 + Br 3.89 × 10-13 0.00 6 600 
TBBA + CH3 → M20 3.54 × 10-13 0.00 7 400 
TBBA + CH3 → M21 9.72 × 10-13 0.00 7 700 
M5 → M4 + M22 2.88 × 1013 0.54 27 000 
M5 → M8 + M23 2.88 × 1011 0.82 30 000 
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Figure 1. Optimised structures of the TBBA molecule.  Interatomic distances are in Å. 
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Figure 2. PES for the self-decomposition of the TBBA molecule.  Values in bold and italics 
signify reaction and activation enthalpies energies at 0.0 K.  Five of the seven initial exit 
channels are barrierless. 
 
 
Figure 3. Relative PES for the self-decomposition of the TBBA molecule.  All values are at 
0.0 K.   
  
CH3
CH3
OHHO
Br
Br
Br
Br
CH3
OHHO
Br
Br
Br
Br
+ CH3
CH3
CH3
OHHO
Br
Br
Br
+ Br
OH
Br
Br
CH3
CH3
OHO
Br
Br
Br
Br
CH3
CH2
OHHO
Br
Br
Br
Br
+ H
•
•
•
•
+ H •
98.9
70.4
82.8
88.6
86.6
TAAB
TS1TS2
OH
Br
Br
+
19.8
CH3
CH3
OHO
BrBr
Br
H
79.1
+ Br
M1
M2
M3
M5
M9M7 M6
103.3
58.1
•
CH2
OHHO
Br
Br
Br
Br
•
H
CH2 OH
HO
Br BrBr
Br
•
+
TS3
TS4
47.3
41.4
22.9
M10
M11
18.2
OH
Br
Br
+
•
31.7
M3
TS5 33.6
CH2
OHHO
Br
Br
Br
Br
+ H
45.1
M12
TS6
46.6
34.1
TS7
OH
Br
Br
+
•
M3
M7
OH
BrBr
CH2
OH
BrBr
CH2
OH
BrBr
CH2
H3C
H3C
M8
M8
M13
CH3
H3C
OH
BrBr
•
M4 +
0
20
40
60
80
100
120
140
(0.0)
TBBA
(116.0)
(60.1)
(115.5)
(86.6)
(98.9)
(58.1)
(82.2) (70.1)
(88.9)
(88.6)
(19.8)
(79.1)
(103.3)
(117.0)
(117.7)
(130.0)
(122.7)
M3 + M13
M7 + M11
TS4
TS7
M12 + H
M10
TS6 TS3
M7 + M8
M9 + Br
M2 + H
M3 + M4
M1 + CH3
M5+ H
TS2
M6 + Br TS1
Re
lat
iv
e e
ne
rg
y 
(k
ca
l/m
ol
)
27 
 
 
 
Figure 4. Energy profile for the barrierless reaction TBBA → M1 + CH3.  The relative zero-
point corrected energy (0 K), plotted on the ordinate axis, refers to the energy with respect to 
the initial energy of the TBBA reactant. 
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Figure 5. Arrhenius plots comparing the calculated and literatures values for the (TBBA → 
M1 + CH3) reaction.  aRef 9, bRef 33.  
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Figure 6. PES for the self-decomposition of TBBA in bimolecular reactions with H atoms.  
Values in bold and italics signify reaction and activation enthalpies at energies at 0.0 K.  
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Figure 7. Branching ratios for TBBA + H reactions. 
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Figure 8. PES for the decomposition of TBBA in bimolecular reactions with Br atoms.  
Values in bold and italics signify reaction and activation enthalpies energies at 0.0 K.  
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Figure 9. PES for the decomposition of TBBA in bimolecular reactions with a methyl group.  
Values in bold and italics signify reaction and activation energies at 0.0 K.  
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